The increase in energy cost and energy consumption has required more effective use of energy. The problem of dissipating high heat fluxes has received much attention due to its importance in applications such as heat exchanger. The heat transfer duty of heat exchangers can be improved by heat transfer enhancement techniques. In recent years, Considerable efforts have been made to increase heat transfer rates in heat exchangers by implementing passive enhancement methods that require no direct consumption of external power. On the basis of a theoretical and experimental analysis the conclusion derived was that the best heat transfer enhancement can be reached by the use of porous material as an inexpensive technique to extend the heat transfer area, improve effective thermal conductivity, and mix fluid flow. This paper presents a brief discussion on the application of using porous media to heat exchangers by means of heat transfer enhancement.
INTRODUCTION
Effective heat transfer is essential in a variety of energy technologies in order to enable the maximum possible power density and power conversion efficiency needed for economic competitiveness and fuel conservation. The goal of enhanced heat transfer is to encourage or accommodate high heat fluxes. This results in reduction of heat exchanger size, which generally leads to less capital cost [1] . Another advantage is the reduction of temperature driving force, which reduces the entropy generation and increases the second law efficiency. In addition, the heat transfer enhancement enables heat exchangers to operate at smaller velocity, but still achieve the same or even higher heat transfer coefficient [2] .
Heat transfer enhancement technology has been widely applied to heat exchanger applications in refrigeration, automobile, process industries etc [3] [4] [5] [6] [7] [8] . In general, enhanced heat transfer surfaces can be used for three purposes: a-to make heat exchangers more compact in order to reduce their overall volume, and possibly their cost, b-to reduce the pumping power required for a given heat transfer process, or c-to increase the overall UA value of the heat exchanger.
Heat transfer enhancement techniques can be divided into two groups: active and passive techniques. The active techniques require external power to facilitate the desired flow modification and the concomitant improvement in the rate of heat transfer. Augmentation of heat transfer by can be achieved by mechanical aids, surface vibration, etc [7] . Passive Techniques do not require any direct input of external power rather they use it from the system itself which ultimately leads to an increase in fluid pressure drop. They generally use surface or geometrical modifications to the flow channel by incorporating inserts or additional devices. They promote higher heat transfer coefficients by disturbing or altering the existing flow behavior except for extended surfaces. So the passive techniques require fluid additives or special surface geometries [9] . In design of compact heat exchangers, passive techniques of heat transfer augmentation can play an important role if a proper passive insert configuration can be selected according to the heat exchanger working condition (both flow and heat transfer conditions). According to theoretical and experimental analysis [10], the best thermal efficiency can be reached by the use of porous material with a large heat-exchanger surface, a high radial and low axial thermal conductivity (i.e. with a marked anisotropy of thermal conductivity), and a small radius of the heat exchanger operating at lower flows of cooling agent. The present study deals with a heat transfer enhancement method using porous media in heat exchangers.
POROUS HEAT EXCHANGER
A Porous medium is a composite medium containing interconnected voids or solid particles embedded into fluid containing medium. Porous media and transport are becoming increasingly important in heat exchanger analysis and design. While the working fluid flows through the porous media, it is heated or cooled by the interaction of the porous walls. The advantage of the porous media as the heat exchanger is its wide contact area to the working fluid ( Figure.1 ). Furthermore, due to its tortuous shape the heat transfer is enhanced. The employment of porous media leads to a great increase in heat transfer rate; however, due to the structural features of the porous media, its employment also enlarges the contact area between the porous media and the fluid flow at the same time, thus increases the flow resistance significantly [11]. Figure. 1. photograph of porous heat exchanger sample [14] In work [12] demonstrated that the values of Nusselt number could be increased by as much as 50 percent, for laminar flows in channels with porous material. Moreover, the convective heat transfer coefficient is higher for systems filled with porous material than the systems without porous material due to the high thermal conductivity of the porous matrix compared with the fluid thermal conductivity, especially for gas flows.
Huang, et al.
[11] developed and inserted the porous media with a slightly smaller diameter to a tube in the core of the tube under the constant and uniform heat flux condition. The flow resistance and heat transfer characteristics of the air flow for laminar to fully turbulent ranges of Reynolds numbers are investigated experimentally and numerically. There are three different porous media used in the experiments with porosity of 0.951, 0.966 and 0.975, respectively. The effect of porous radius ratio on the heat transfer performance is studied in numerical simulation. Both numerical and experimental results show that the convective heat transfer is considerably enhanced by the porous inserts.
Alkam and Al-Nimr [13] introduced a method by inserting porous substrates at both sides of the inner tube wall; the thermal performance of a conventional concentric tube heat exchanger can be improved. The improvement was investigated numerically and the results showed that inserting the porous substrate may enhance the effectiveness of the heat exchanger considerably, although it increases the pressure drop within the heat exchanger at the same time. Steady mixed convection boundary-layer flow past inclined or vertical flat surfaces placed in a porous medium has been investigated by Cheng [14] , Merkin [15, 16] and Aly et al. [17] . Cheng [14] obtained similarity solutions for the situation where the free stream velocity and the surface temperature distribution vary according to the same power function of the distance along the surface.
The first efforts of estimating the pressure drop through a porous medium have been made from Darcy [18] based on experimental measurements on the volumetric flow rate and pressure difference across a sand band. In Darcy's experiments, an empirical pressure drop correlation was derived relating the pressure drop per unit length of the porous medium, to the mean velocity of the fluid and the hydraulic conductivity. For some applications there is no need to fill completely the system with the porous medium, as a partial filling of the porous medium is sufficient. Partial filling has advantage of reducing the pressure drop compared with a system filled completely with porous medium. Moreover, partial filling eliminates contact between the porous material and surface, which decreases heat losses from the porous material to the surface [19] .
Yoshida, et al [20] investigated the transient characteristics of heat transfer in porous media. In that work, because of high porosity of the porous media, the conduction heat transfer in the radiative converter was neglected. In the non-radiating gas flow analysis, it was assumed that conduction and convection occurs simultaneously and integral method was used to obtain the net radiative heat flux in the porous matrix.
METAL FOAM
The thermal transport characteristics of metal foam have been investigated and some of the published results will be reviewed, mainly focusing on applying metal foams to improve the heat transfer rate (Figure. Mayer et al. [22] observed that metallic porous media offer an effective solution in many heating and cooling applications by the virtue of their inherent properties such as large surface area-to-volume ratio, high permeability and thermal dispersion of the fluid due to the complex flow within pore channels. Pressure loss and convective heat transfer in these metallic structures have been investigated for the above mentioned engineering applications. Pavel and Mohamad [10] further investigated the enhanced heat transfer effect of metallic porous materials that are inserted into the core of a pipe with a constant and uniform heat flux experimentally and numerically. The results obtained showed that compared with the clear flow case where no porous materials was used, higher heat transfer rates can be achieved using porous inserts whose diameters approach the diameter of the pipe and it is very important to get the accurate physical parameters of a porous material from the experiment for a successful numerical simulation. Boomsma, et. al [23] see that the compressed aluminum foams performed well not only in the heat transfer enhancement, but they also made a significant improvement in the efficiency over several commercially available heat exchangers which operate under nearly identical conditions. The metal foam heat exchangers decreased the thermal resistance by nearly half when compared to currently used heat exchangers designed for the same application.
Calmidi and Mahajan [21, 24] conducted a comprehensive experimental and numerical study of forced convection in high porosity aluminum metal foam with variety of porosities and pore densities and using air as the fluid and they showed that using metal-foams can significantly improve the heat transfer in heat exchangers.. Boomsma and Poulikakos [25] developed a geometrical effective thermal conductivity model of metal foam based on the idealized three dimensional basic cell geometry of a foam.
Venugopal, et. all [26] , experimentally studied the potential of a inexpensive metal porous insert developed specifically for augmenting heat transfer from the heated wall of a vertical duct under forced flow conditions. The porous insert used consists of a stack of metallic perforated plates filled inside the duct. The characteristic features of the porous medium model on the hydrodynamic and heat transfer behavior have been investigated. When a high temperature gas flows through a porous metal plate with high porosity, the enthalpy of working gas is effectively transformed to the porous medium via an extremely high heat transfer coefficient and large surface area between the flowing gas and the porous plate, and then a large amount of radiant energy is emitted in upstream direction by the porous plate with strong emissive power. This procedure has been used in high temperature heat exchangers to enhance the performance of these equipments [27] . Mahjoob and Vafai [28] studied the effects of micro structural metal foam properties, such as porosity, pore and fiber diameters, pore density, and relative density, on the heat exchanger performance.
CONCLUSIONS
Heat exchangers are also very important for energy conservation, conversion, recovery and successful implementation of new energy sources, and wide usage of it involves heat recovery. The potential of porous structures (e.g., metallic foam) in heat exchangers is currently undergoing growing interest due to their large surface area per unit of volume. Recently tremendous works have been conducted on heat transfer enhancement and a large number of techniques for heat transfer enhancement have been developed. This work concerns the investigation on effect of porous media on heat transfer rate in heat exchangers. 
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